MONTANA

ODRM SCIENCE
TION




e Tell your neighbor 1 thing you know
about each of the following:

— Montana Science Content Standards adopted in
2006

— The K - 12 Framework for Science Education
published by the National Research Council

— The Next Generation Science Standards (NGSS)

— National Assessment of Educational Progress
(NAEP)
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Content Standards and Instruction: Science

Science is an inquiry process used to investigate natural phenomena, ’
resuiting in the formation of theories verified by directed
observations. Inquiry challenges students to solve problems by .

observing and collecting data and constructing inferences from those
data. In doing so, students acquire knowledge and develop a rich y \ )
understanding of concepts, principles, models, and theories. (National \
Scence Education Standards, 2004, p.214) Inquiry requires the use of \
scientific thinking skills to address open-ended problems through

non-prescriptive procedures and allows students to construct their %

own knowledge of the spedcific concepts. This validates different ways
icating k ledg

of gathering, synthesizing and cc

This site provides information and resources that support the teaching
and learning of science for all students.

1w A

More information about Science in Montana K - 12 Schools
can be found at: Q SCIENCE EDUCATION WIKI &

Professional Associations

Standards Safety

Science as Inquiry

Content Standards and Assessment

CURRENT MONTANA CONTENT STANDARDS DOCUMENTS

* Montana Science Content Standards and Performance Descriptors T

e Science Essential Learning Expectations T or Excel version @
® Science Content Standards Glossary ™

SCIENCE CRT

Science CRT Released Items — View & download released items, answer keys, and example

student answers from constructed response questions.

Science Content Standard 1

A proficient student will:

End of Grade 4

End of Grade 8

Upon Graduation

1.3 use data to describe and
communicate the results of
scientific investigations

1.3 review, communicate
and defend results of
investigations, including
considering alternative
explanations

1.3 review evidence,
communicate and defend
results, and recognize that
the results of a scientific
investigation are always
open to revision by further
investigations. (e.g., through
graphical representation or
charts)

1.4 use models that illustrate
simple concepts and
compare those models to the
actual phenomenon

1.4 create models to
illustrate scientific concepts
and use the model to predict
change (e.g., computer
simulation, stream tahle,
graphic representation)

1.4 analyze observations
and explain with scientific
understanding to develop a
plausible model (e.g., atom,
expanding universe)

1.5 identify a valid test in an
investigation

1.5 identify strengths and
weakness in an investigation
design

1.5 identify strengths,
weaknesses, and assess the
validity of the experimental
design of an investigation
through analysis and
evaluation

1.6 identify how observations
of nature form an essential
base of knowledge among
the Montana American
Indians

1.6 compare how
observations of nature form
an essential base of
knowledge among the
Montana American Indians

1.6 explain how
observations of nature form
an essential base of
knowledge among the
Montana American Indians

http://opi.mt.gov/pdf/Standards/10ContStds-Science.pdf

End of Grade 4

K-12 CONTENT STANDARDS
What all Montana students will know, understand and be able to do when they graduate from high school, ready for work and postsecondary

education

BENCHMARKS

End of Grade 8

Check points along the K-12 continuum to assess student progress toward meeting standards.

Upon Graduation

ESSENTIAL LEARNING EXPECTATIONS

The necessary content, context and thinking/reasoning skills students must comprehend and apply along the learning continuum.

K 1 2 3

ELE are referenced in this manner:

4 5 6 7

8 9 10 1

3.gr3.A

12

Essential Learning
Science Standard 1 / / B Expectation (ELE) A
SCIENCE STANDARDS REVISION
Benchmark 3

Montana played a key role in the development of the Next Generation Science Standards shesmar Grade Level 3

{NGSS). In 2012 we signed on as a lead state. This meant that we were able to submit comment ¢ &

on four separate drafts of the standards and in turn we will consider them during our next Standard End of Grade 4 Benchmark | Grade Level ELE

1. Students, through the inquiry process, | 3. Use data to describe and 3 A. Share results with

standards revision. demonstrate the ability to design, conduct, | communicate the results of classmates.
evaluate, and communicate results and | scientific investigations
reasonable  conclusions  of  scientific

The final NGSS document was released in April of 2013 and can be downloaded at r
investigations.

www.nextgenscience.org .

http://opi.mt.gov/pdf/standards/09ScienceELE.pdf



http://opi.mt.gov/pdf/standards/09ScienceELE.pdf
http://opi.mt.gov/pdf/Standards/10ContStds-Science.pdf

A FRAMEWORK FOR

K-12 SCIENCE

EDUCATION

Practices, Crosscutting Concepts, and Core Ideas




E2: Build a strong base of knowledge
through content rich texts
E5: Read, write, and speak
grounded in evidence
M3 & E4: Construct viable

arguments and critique
reasoning of others

S7: Engage in
argument from
evidence

, synthesize,
dings clearly
in response
pose

E1l: Demonstrate independence in reading complex
texts, and writing and speaking about them

Commonalities
Among the Practices
in Science, Mathematics
and English Language Arts

E7: Come to understand other perspectives
and cultures through reading, listening,
and collaborations

ELA

Cheuk, T. (2013). Commonalities Among the Practices in Science, Mathematics and English Language Arts. Palo Alto, CA: Stanford University.
http://ell.stanford.edu/content/science

NGSS@NSTA

www.nsta.org/ngss



http://ell.stanford.edu/content/science

What is NAEP?

e National Assessment of Educational Progress (NAEP)
e Administered every year

e Odd years: state and national results are reported at Grades 4 and 8.
About 2,500-3,000 assessed students for each grade and subject.

e Even years: only national results are
reported.

* Overall goal: Every eligible student in
our state has the same probability of
selection

F EDUCATIONAL



NAEP

e Results are released to the public as The Nation’s Report Card.

http://nationsreportcard.gov/

e Inform parents, the public, education policymakers, etc. about
our nation’s educational environment (e.g., cognitive data;

student, teacher, and school questionnaires)
— ',?



http://nationsreportcard.gov/testyourself.asp

“For NALEP, “proficient” represents an

aspirational goal for what student should know

and be able to do, while on most state tests, it
describes the level of student performance that

1s good enough to be regarded as acceptable

for a particular grade level”- chudowsky 2010




NAEP SCIENCE ACHIEVEMENT LEVEL
DESCRIPTIONS for GRADE 8

Should be able to....
Proficient (170)

- design investigations requiring control of
variables to test a simple model, employing
appropriate sampling techniques and data
quality review processes, and use the evidence
to communicate an argument that accepts,
revises, or rejects the model;

- propose and critique solutions and predict the
scientific validity of alternative individual and
local community responses to design problems.

NAEP 2011 Science Framework: www.nces.ed.go\



NAEP Framework/ sci,,
& Assessment

Current instructional and measurement issues
Current instructional efforts and best practice
Research on cognitive development and learning

Provides detailed descriptions of the content and
cognitive dimensions

Distribution of items across content and
cognitive dimensions



To name a few:
‘,%NEXT GENERATION

“USCIENCE

STANDARDS

Richard Duschl

Brett D. Moulding Carlo Parravano Cary Sneider Gerald Wheeler 11



Understanding Objectives
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No one method was used but
assemblage/integration was used

to construct NAEP’s complexity .



ASSOCIATION OF THE
NAEP SCIENCE PRACTICES TO

Four cognitive demands:
1. Identifying Science Principles “knowing that”
2. Using Scientific Inquiry “knowing how”
3. Using Scientific Principles: “knowing why”
4. Using Technological Design: (tasks or problems)

3 components: “knowing that”; “knowing why AND
“knowing when and where to apply knowledge”

(1) “knowing that” (declarative knowledge), (2) “knowing how”
(procedural knowledge) (3) “knowing why” (schematic knowledge), and
(4) “knowing when and where to apply knowledge”(strategic knowledge)



Background:
NAEP Considers Content and Practice
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NAEP Practices

Comparison The

Framework Practices

Identifying Science Principles
1. Describes, measure, or classify observations.
2. State or recognize correct science principles.

3. Demonstrate relationships among closely related science

principles.

4. Demonstrate relationships among different representations of

principles.

Using Science Principles
1. Explain observation of phenomena.
2. Predict observations of phenomena.

3. Suggest examples of observations that illustrate a science

principle.

4. Propose, analyze, and/or evaluate alternative explanations or

predictions.

Using Scientific Inquiry

1. Design or critique aspects of scientific investigations.
2. Conduct scientific investigations using appropriate tools and

techniques.

3. Identify patterns in data and/or related patterns in data to

theoretical models.

4. Use empirical evidence to validate or criticize conclusion

about explanations and predictions.

Using Technological Design

1. Propose or critique solutions to problems given criteria and

scientific constraints.

2. Identify scientific tradeoffs in design decisions and choose

among alternative solutions.

3. Apply science principles or data to anticipate effects of

technological design decisions.

Practice 1. Asking Questions and Defining
Problems

Practice 2. Developing and Using Models

Practice 3. Planning and Carrying Out
Investigations

Practice 4. Analyzing and Interpreting Data

<>

Practice 5. Using Mathematics and
Computational Thinking

Practice 6. Constructing Explanations and
Designing Solutions

Practice 7. Engaging in Argument from
Evidence

Practice 8. Obtaining, Evaluating, and
Communicating Information




Science Content

A Framework for K-12 Science
Education: Disciplinary Core Ideas

NAEP Framework

Physical Science
PS1: Matter and its interactions
PS2: Motion and stability: Forces and interactions
PS3: Energy
PS4: Waves and their applications to technologies for
information transfer

Life Sciences
LS1: From molecules to organisms: Structures and processes
LS2: Ecosystems: Interactions, energy and dynamics
LS3: Heredity: Inheritance and variation of traits
LS4: Biological evolution: Unity and diversity

Earth and Space Sciences
ESS1: Earth’s place in the universe
ESS2: Earth’s systems
ESS3: Earth and human activity

Physical Science
Matter
* Properties of matter
* Changes in matter
Energy
* Forms of energy
* Energy transfer and conservation
Motion
* Motion at the macroscopic level
* Forces affecting motion

Life Science
Structures and Functions of Living Systems
* Organization and development
» Matter and energy transformations
* Interdependence
Changes in Living Systems
* Heredity and reproduction
* Evolution and diversity

Earth and Space Sciences
Earth in Space and Time
* Objects in the universe
* History of Earth
Earth Structures
* Properties of Earth materials
* Tectonics
Earth Systems
* Energy in Earth systems
* Climate and weather
* Biogeochemical cycles




Generating Performance Expectations

Exhibit 14. Generating examples of grade 8§ performance expectations

Science Content

Physical Science
Content Statements

Life Science i Earth ?ud Space
Sciences

Content Statements )
Content Statements

Science Practices

Identifving
Science
Principles

Using Science
Principles

Using
Scientific
Inguiry

Using
Technological
Design

Identify the units that
might be used to
measure the speed of
an ant and the speed of
an airplane (see
P8.14).*

m b e Aty
car) moves with a
constant speed along a
straight line Predict
(with justification)
what might happen to

this object’s speed as it :

rolls downhill (see
P3.16).

Desipgn an experiment
to determine how the
speed of a battery-
operated toy car
changes as a result of
added mass (zee
P8.16).

Evaluate the following
car designs to
determine which one is
most likely to maintain
a constant speed as 1t
goes down a hill (see
P8.16).

Identify the raw
materials that plants
use to make sugars
(zee LE.4).

Identify wind as the
movement of air from
higher to lower

pressure regions (see
E5.11).

: Explain why sugars are | Explain why mouatain
: found to move soils are generally
primarily down the thinner than floodplain
: stem of a growing soils (see E8.6).

: plant (e.g.. potato,

carrot) (see L8.4). v

Given data (indexed by
month) on annual
consequences of trends of incoming
CONSUMINNZ Varions solar radiation for five
diets based on flawed § cities, determine
whether the location is
in the Northern or
Southern Hemisphere
(see ES.11).

Describe the
consequences (e.g..
erosion) of
undercutting a steep
slope for a road cut
(zee E§.4).

Criticize conclusions
about likely

premises or flaws in
reasoning (see L8.5).

i Identify possible

i ecological side effects
! of agricultural

i fertilizer mnoff into a
i lake (see L3.7).

* To identify the science content statement on which each performance expectation i1s based, the content
statement’s umique code (from exhubats 8, 10, and 12 in chapter two) 15 provided.

17



Crosscutting
Concepts Core Ideas

Practices

NGSS Integration

MS Structure and
Function:

Use argument supported
by evidence for how the
body is a system of
interactive subsystems
composed of groups of
cells.

18
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Montana’s Content Standard 3: 3.3 ond 3.4

Content Standard 3—Students, through the inquiry procesz, di
function of living things, the process and diversity of ife, and how living organisms interact with each other and their envi-

Dimension 2: Cross

ige of char isti and

ronment.

3. Comnwnicate the differences in the reproductive processes of a variety of plants and animals using the
. rinciples of genetic modeling (e.g., punnett res

Changos of enargy and mattar in a system can | | The fotal amownt of anargy ond mattor | | in nudlear processes, atoms aranot | | Enargy connot be created or de- 2
ba described in tarms of srargy and mattar in closad systams is conserved. consarved, but th total umbar of stroyed—only meves botwean ong place "
flovws into, out of, and within that system. protons plus neutrons is conserved. and anothar plocs, between objects and y = E Dezcribo the koy avents in cach phazo of

Enargy drives the cycling of matier ar fialds, or bafwaen systams. B ot R it ok el et mitcsia. 1. Dafino ond identify dominant ond

‘within and botwoon systems. NESS. MAEP: 1B 3; 182 1GCOSIVe Toits.

i NGSS: ME1853:2 NGSS: M3:A340
6. Structure and Funclion — The way gn object is shaped or structured determines many of its properties and functions.
= F. Identify tho differonces in mitosis ond meio-
F—— i ; g E 5 37 2% of the Grade 12 (2009) assess- B. Idontify organizms that hovo diffaront ?
wastigating or designing rew systams or struchures racuiras | | The functions and properties of natural and dasigned : A S sis. - —
a detailed sxamination of the propartias of different mate- obijects and systams can ba infamed from thair ovarall ment was Life Science, " e MAEP- 18.9; 18.2 J. Idontify exomples of inharitd character-
riks, tha structuras of different companants, and connacions structura, the way their componants ars shaped and 37 /2 % Physical Science and 25 1GSS: MS-L53.1 Z I s
of componants to raveal ifs function and /ar sohwe a problam. usad, and the molocular substruchurss of its variows % % HGSS: ps153.2 NAEP: L8.9; 18.10
matarials. Sl
C Idantify the numbar of chromosomas in — = - NGSS: MSl242
Seanaes s colls il el . Difforonticte batwosn zaxual roproduction
- ot designe onditics and azaxval roprodudtion.
that control rates of change are critical elements to consider and understand. M. Prodict gunofic crossas wing punnatt s D e i ancy OF
i NGSS: M3453-2 living things dopend on gonas.
i MNAEP: LEIO
Systoms can ba designed for greatar or Faadbadk (negative or posifive) can stabi- || Change and rates of change can be quar- NGSS: MS-133.1
lasser stability. lizs or destabilize a system. fifiad and modaled over vary shart or vary P St

long pariods of fime. Soma system chonges H. Dafina ond idontif T . D. Idonsify the purpozes of call division.

Mufs::::m daals with constructing axplanations of how things change and how thay | [ 272 ITeVer ros ool NAEP: L8.2
remain . NGSS: MS1S31: MS 1545

L Intorprot simplo genafic crossas using

purnott squares
Classroom confexts. Rewits from the cogréfive items pravide information about what sudents know and con do in a subject area. Infar-
mation from the bodoground items gives contaxt to MAEP rosults and allows researchers to frock foctors omsodated with ocodemic odhisvs- Rto / Farww : raleahA B e TR Rt Be L Dofina punnatt square and genetic croz I
W mant. More information can be found bere, bere and here. Rito- / Farwrey s00c0 oro /male 4 bicloaicol ovohsi ity ity
In the life sciences- “students Bty s Please indicate how much you DISAGREE or AGREE with the 4.Investigote and explain the inferdependent nare of populations and communities in the environment and describe how species in these
should be able to explain chemical e following statements about science. Lz soopr b e
mechanisms for metabolism, growth, o v ares 12th Grade Science Stud NAEP 2009
and reproduction in living systems; A Distinguizh batwaon o population and D. Explain how populations are impacted by H. Idaetify natural sloction as o machanizm for
analyze cases of evolutionary I _ - | » T o community. changos in living —ond nan-frieg fotors n tha avolution.
lowing related science principles: g e e
::::m::no;e::p‘::;:;:hz—vuﬁ_ Sicnce dab _ = | z | 15 | o ity i s T e
that offoct populotions and commwritias.
ability of its offspring, limitations on NAEP: 18.4; 167 NAEP La.6; L34
the resources required for life, and Fequlred &3 | ta | = | NGSS: M3:152-4; M3132-3; MS152.1; NGSS: M31242
the ensuing selection of those organ- BELS2.2 MAS2S
isms better able to survive and
"= ¥y e meE ST Likes Sciomca 1Y | 1 | % | C ldmify_m foom' typos °_f symbéo- J. Explain how #ha fossl record provides avidance of kfo 1. Idantify linaz of avidanco that support avolution.
models to explain data pattemns ::c:d"wmmmdmww = ::';_ Ry B ::2:;"&" 3
related to metabolism, genetics, or e - i, | - | ” | NAEP: (8.6 N aa e o e
changes in ecosystems” [ The Na-
fion’s Report Card, p.52). F. Dafina natural saladtion
Favorite _ 34 | 2% | 13 | NAZP: L8.8; 18.11 (‘;' . rdariot\f\ip Sts Coope:
NOTE: Parcentages may not sdd o 100 du to rounding. NGSS: MS134.4 :’;;m’rm
Off task applies to responses that do not address the ques- " 0% 208 s a0 s 0% e o B D MNGSS: MS154.1; MS.154.2: MS-LS1.4
tion presented, are illegible, or cammot otherwise be _ﬁl Pétional Public Percertege (%] : = -
scored. SOURCE: U.S. Department of Education, Instifige f [ | ENGEE MG LS4 AND ME-A535 mkcoburyirinad

of Education Sciences, National Center for Edncation | | .
Statistics, Nations] Assessment of Educationsl Progress (NAEF). Tree siabons| Explore NAEP dute in the NDE

hinge e 1 Sca/malsl ool QQniaye_struch
Fmpork Tars hireel s org /mals2. irdoraction: vnami
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*Footnota: Groon boxes indicate OPI standards, Pink boxas indicata benchmorks and Biue boxes indicate Exzential Loaming Expoctations (ELES).

http://opi.mt.gov/groups/montananaep/

OPI Assessment and Data Conference 2014 click here20






What NAEP data tells us about
what we could be doing better

Item Analysis

Key/Scoring Gude Sample Responses National Datza  Junsddion Data

Questions 6 - 8 rafer to the following informaton

Question information

Mo maxture of part 0 S through soil at diff
through each of the

RATE OF WATER MOVING THROUGH DIFFERENT SOILS

Percentage Percentage Percentage Rate of Water
Largest Particles | Medium-Sized | Smallest Particles | Draining Through
(%) Particles (%) 9 Soil (cm/hr)

100 21

85 ) : 6.1
40 20 13

20 X : 0.69

Conteat Area: 0
Earth and Space Soences

Scence Practices (2009 and 5 e 1 b en the sze of the soil particle
onl

0.05

at which water mo sod Use he datain the SUppOn your answer




y:n:n Legend
/ a0
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a Kplain a = | a = TEm

What is an Item Map?

« A mapping of
individual assessment
items to points on the
NAEP scale

« An item is mapped to

the point on the scale S
at which students are

likely to get the item —
correct/complete

Basic: 141

Content Classifications:
@ Earth & Space Sciences

Physical Science A Life Science


http://nces.ed.gov/nationsreportcard/itemmaps/index.asp

HANDS-ON
EXPERIENCE

WHAT IS IT LIKE TO BE A
NAEP SCIENCE SCORER?



NAEP Scoring

Constructed response types:
« SCR (2-3 score points)
« ECR (4 or more score points)

Explicit scoring guides matched to assessment
specification document

Qualified and experienced scorers

Monitors scoring consistency

Assesses scorer decision-making

Documents all scoring aspects of the assessment

Processing and scoring totals, national main and state assessments, by year and subject area: 2000-2008

Mumber of Mumber of
Mumber of constructed individual Mumber of team Mumber of
Year Subject Area Grade booklets scored  responses cognitive items leaders SCOrers

2005 Science 4812 343,100 4,424 511 539 39 393




NAEP Science 2009

09F2S11_06

Relationship size of particles and rate of water

Anchor Set

Paper
A-1

Ref # Score

(256337)

3

Notes

Response correctly describes the relationship between size of soil
particles to rate of water passing through the soil and includes
supporting data from the table: . . . more large particles, water
will drain more quickly. . . Soil A has 100% larger . . . water
moves at 21 cm/hr . . . Soil E, which has 100% smaller particles . .
. moves at 0.05 cm/hr.

(256401)

Response correctly describes the relationship between size of soil
particles to rate of water passing through the soil and includes
supporting data from the table: The larger the particles in the soil,
the faster the water moves through. Soil A had 100% large
particles and the water moved faster through Soil A.

A-3

(256311)

Response correctly describes the relationship between size of soil
particles to rate of water passing through the soil and includes
supporting data from the table: moves slower through little
particles (E) moves faster through big particles (4).

A-4

(256476)

Response correctly describes the relationship between size of soil
particles to rate of water passing through the soil but does not
include supporting data: The larger the partioles the faster water
moves the smaller the particles the slower water moves.

A-5

(256375)

2A

Response correctly describes the relationship between size of soil
particles to rate of water passing through the soil but does not
include supporting data: . . . smaller the particles sizes . . .the
slower water will move.

(256485)

2A

Response correctly describes the relationship between size of soil
particles to rate of water passing through the soil but does not
include supporting data: The larger the soil particles, the faster
water moves through the soil.
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Describe the relationship between the size of the soil particles and the rate at
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Scoring Form

Project. NAEP

Grade: 8

Subject: Science

Item: F2511_06 Relationship size of particles and rate of water

Scorer Name:

Date:

P1

Reader
Score

Actual
Score

P2 Reader
Score

ID#:

Actual
Score

Potential scorers use this
form to record practice
scores.

To qualify to score this
item, the potential scorer
must score 90% correctly.



Practice

15 mins to score
10 items



Leveraging Large
Scale Test Data:
Using NAEP to Affect

State Level Policy

NAEP

NATIONAL ASSESSMENT
OF EDUCATIONAL
PROGRESS

1. How can state level data on NAEP Argumentation items
inform decisions about standards adoption?

2. NGSS integrates science practices and content.

1. Argumentation is a NGSS Practice
2. Coverage of Argumentation is weak in the current MT Standards

3. Refine items - Grade 4 and Grade 8 Constructed Response
items from 2009 - 2011.

4. Evaluated available items for argumentation.

5. Review Scoring guides-complete answer requires correct
science content AND evidence/reasoning
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State Science Standards Grades, 2012

njojol=fi-]>
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State reviews by Lawrence S. Lerner,

Ursula Goodenough, John Lynch,
Martha Schwartz, and Richard Schwartz

NAEP review by Paul R. Gross

FOREWORD BY CHESTER E. FINN, JR., AND KATHLEEN PORTER-MAGEE

-
[

Content & Rigor

Scientific Inquiry & Methodology
Physical Science

Physics

Chemistry

Earth & Space Science

Life Science

o wMmp oo -+ W

Clarity & Specificity

o

Average numerical evaluations

GRADE SCORES TOTAL SCORE
v v v

F Content and Rigor 1/7
Clarity and Specificity 0/3



O Fordham Score

Grade 8 Overall Science

8th Grade Science- All Students- State Academic Performance, Standards Rating and Improvement

Higher Performing
Lower Improving

AK-2 s O —
PA-S ‘ . N
[‘ ' TN-4
=4 FL-4

140 AL-1

130

2011 NAEP Performance (scale scores 0-300)

120

O DC74
1

-3.00 -2.00 -1.00 0.00 1.00 2.00 3.00

Lower Performing
Lower Improving

2009-2011 NAEP Improvement (change over time)

RI-4
NV-3

Higher Performing
Higher Improving

. ) uT-4
MEMY3 VA4 o
- 4 :
OH-5 ID-4 R
- MIS

MoE
GA-3
WV-4
NU AR-3

LA-4
=

4.00

MS-5

Lower Performing
Higher Improving

5.00

)

NOTE: The green lines represent national public (NPUB) averages: the vertical green line is average improvement, and the horizontal green line is
the average 2011 performance. The focus state (Montana) appears in solid red. The number after the state's jurisdiction token is the state's
argumentation score (0-5) for review of their standards. Circle size correlates to the Fordham (2012) state standards review.



E2: Build a strong base of knowledge
through content rich texts
E5: Read, write, and speak
grounded in evidence
M3 & E4: Construct viable

arguments and critique
reasoning of others

S7: Engage in
argument from
evidence

, synthesize,
dings clearly
in response
pose

E1l: Demonstrate independence in reading complex
texts, and writing and speaking about them

Commonalities
Among the Practices
in Science, Mathematics
and English Language Arts

Based on work by Tina Chuek ell.stanford.edu

E7: Come to understand other perspectives
and cultures through reading, listening,
and collaborations

ELA

NGSS@NSTA

www.nsta.org/ngss




Argumentation

An essential element (1) for building new
knowledge and (2) learning of science

Is a best practice and reinforces 21st
century skills (e.g., communicative practices &
critically thinking).

Evidence-based explanations (E-E)
facilitate the construction of conceptual
knowledge

E-E is a key aspect of science and should
be a key component of science pedagogy.



MS Structure and Function:

Use argument supported by evidence for how the body
is @ system of interactive subsystems composed of

groups of cells.

NGSS:

Engaging in argument from

evidence in 6-8 builds on K-5

experiences and progresses to

constructing a convincing
argument that supports or refutes
claims for either explanations or
solutions about the natural and
designed world(s).

« Construct, use, and/or present
an oral and written argument
supported by empirical evidence
and scientific reasoning to
support or refute an explanation
or a model for a phenomenon or
a solution to a problem.

Montana Science Content
Standards:
Students, through the inquiry
process, demonstrate the ability to
design, conduct, evaluate,
and communicate the results and
form reasonable conclusions of
scientific investigations.
« 1.3 review, communicate
and defend results of
investigations, including
considering alternative
explanations
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3 Criteria

Table 2
Criteria for Item Selection

Criteria 1 Question must require use of data or reasoning to support a claim

Criteria 2 No item scoring category that allows for multiple response types can have both a
response that has correct science content without supporting data or reasoning
AND a response with incorrect science content either in the scoring guide or the
sample responses

Criteria 3 [tem must have two scoring categories that both have correct science content

where one requires supporting data or reasoning and the other does not

Page /7 Pagell Page 28




What NAEP

1 Iltems are E-E

ltems

Fail® allows for two response types that

are inconsistent with criteria 2.

Fail® composite score breakdown on the

guestion is inconsistent with criteria 2.

Fail® difference between score categories

is completeness of explanation, not
incorrectness. In these items, the

missing part of the answer could be

related to content or supporting

data/reasoning.

Faild scoring category that allows for both

a response with no supporting

Table 3
Ttem Criteria | Criterialj| Criteria
1 2
Choosze and critique setups for in'-.'estigating the growth of plants Pass Pass
Compare the relative speeds of two balls Pass Pass Pass
Critique a conclosion about chemical change based on Pass Fail®
observations
Critique and improve investigation about forces Pass Pass
Critique prediction about the amount of soil runoff Pass Fail?
Design an experiment to investigate inheritance in plants Pass Pass
Design im‘estigatiun to compare types of bird food Fail
Draw a conclusion about soil permeability using data Pass Pass
Draw representation of part of solar system Fail
Explain and critique two plans to prevent erosion Pass Failt
Explain cause of change in soil permeability Pass Pass
Explain change in volume due to evaporation Pass Pass
Explain chotce of material based on protection of the environment | Pass Pass
Explain differences between related individuals Pass Pass
Explain how particle size affects permeability Pass Pass
Explain why rainwater is not salty Pass Pass
Form a conclusion based on data about the behavior of an Pass Fail®
organism
Tdentify and explain most recent rock formation Pass Fail®
Identify relationships in a food web Fail
Predict and explain the phenomenon based on evaporation Pass Fail®
Predict changes in populations based on the food web Pass Fail®
Provide wavs to reduce greenhouse gas emissions Fail
Felate a weather condition to patterns in data Pass Pass
Relate variations in temperature to absorption and reflection of Pass Pass
sunlight
Select and explain graph types and draw graphs from data that Pass Failt

compare insect behaviors

Page /7 Pagell Page 28

data/reasoning AND a response with
incomplete supporting data/reasoning
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Figure 1 Page 7

Percentage (%)

Compare the relative speeds of two balls
NAEP results in Science at grade 4: 2009

100
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O Fails
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70 4 67
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a0 |
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o | I
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Complete Partial

Figure 3 Page 28
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NAEP results in Science at grade 4: 2009

Explain differences between related individuals

B Demostrates

30

20
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1 13
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Figure 2

Page 11

100

Draw a conclusion about soil permeability using data

NAEP results in Science at grade 8: 2011

BEDemostrates
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50
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]
£
5 50
v
v
]

o 20

36

30

32

20 1

10 +

11

NPUB

13

STATE NPUB STATE

Complete Partial

Figures 1 -3

National Public (NPUB).
“"Complete” = demonstrates

argumentation.

“Partial” = failure to demonstrate
argumentation.
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Total count of adopting states to 9

Rhode Island, Kentucky, Kansas, Maryland, Vermont, California,
Delaware, Washington, and the District of Columbia.

States Adopting the Next Generation Science Standards

¥ No action yet
W states that have adopted standards

Some step in consideration has been taken
by an official entity in the state (from NASBE)

http://ngss.nsta.org/wp-content/uploads/2013/12/AdoptionOfNGSS_map.jpg 40



| NAEP Questions Tool

NAEP

Analyze Data | Sample Questions | State Comparisons | State Profiles | District Profiles

Explore NAE P Que stion s et

After each assessment. NAEP releases dozens of sample questions to the public—more
than 2.000 questions are currently available. The tools featured here can be used to
supplement classroom instruction, provide additional insight into the content of the
assessment. and show what students nationally or in your state or district know and can do.
Explore the tools or print a guick reference guide to find out more about NAEP.

Item Maps >> Test Yourself >>

See what students at

each achievement
level are likely to know
and can do.

administered to
students in the NAEP
assessments.

Learn how NAEP
questions are scored.

What's New?

«= Results of the 2011
mathematics and

reading
assessments.

«= 71 multiple-choice
and 27 constructed-
response
mathematics
questions.

«= 34 multiple-choice
and 27 constructed-
response reading
questions.




Task Types in NAEP Smence

Selected response (MC)

Item Examples: e CRitems — Short CR;

Interactive Computer Tasks (ICTs)

Hands-On Tasks (HOTs) Extended CRIi Concept-
Using Scientific Inquiry mapping tasks
NQT — * Simpler Processes or Tasks

DI

Discrete Items

v HOT ICT

Interactive
Hands on Tasks

Computer-Based
* Performance Based Tasks
Assessment * Performance Based
* Predict-Observe- Assessment
Explain (POE) * More Complex
* More Complex Processes or Tasks

Processes or Tasks


http://nationsreportcard.gov/science_2009/ict_tasks.aspx
http://www.youtube.com/watch?v=6RNpps7zdlE&list=PLkEhwZQdyNEEF3ayHdye-kweX7DyF3Awb&index=5
http://ipat.sri.com/tasks/pred_prey/subtasks/taskstud.html
http://nces.ed.gov/nationsreportcard/itmrlsx/landing.aspx

1. Test Yourself on an Interactive Computer Task

Lots of Sunlight

Number of

Leaves per Plant Height {cm)

Plant

23, 24, 23 a0, 95, 98
Based on your experiments and the 25,23, 23 94,90, 97
results in the data table, how much 445 19 20 18 —
sunlight does Plant A need to grow - - -
best? 5,5, 4 18, 20, 20 99,82, 95
You may look at your data table 0.2,0 14,14, 14 94,190, 98
again to help you with your answer. 3 0.0 141513 91,64 09

GRADE 12
Energy Transfer
Investigate energy transfer

betwaen substances to determine
the best metal for a cooking pot
Duration: 20 minutes

Take this task >
Scoring information >

Lots of sunlight

Zome sunlight

GRADE 12

Starlight A li ;
ittle sunlight
Investigata relationships between Inve = g
the luminasity and temperatura of
different stars
Duration: 20 minutes Duration: 40 minutes
Take this task > Take this task > ¥
o ) o ) "
Scoring information > Scoring information >

http://nationsreportcard.gov/science 2009/ict tasks.asp



http://nationsreportcard.gov/science_2009/ict_tasks.asp

“state testing consortia are designing technology-enhanced items to
test English Language Arts and Math common core standards, so it is
likely that tests of the forthcoming Next Generation Science
Standards will include innovative task and item formats”
(Quellmalz, et. al, 2012).

http://nationsreportcard.gov/science_2009/



Not just limited to "Science”
review items and scoring guides

NAEP Mathematics at grade 8: 2013
|dentify graph representing a situation

Math Example

Martine 1s filling a rectangular fish tank using two hoses that fill the tank at
the same flow rate. When the tank is about half full, she turns off one hose
but does not change the flow rate of the other hose. Which of the following

graphs best represents how the depth of the water in the tank changes over
time?

oy D. QO
A 0O
O Time
) Time e
o E QO
E /’ /
O Time
O Time ¢
&
c. 0
O Time
Answer: C

62% of MT students answered correctly

NAEP Reading at grade 4: 2013

Little Great White: Use information from article to provide and
support an opinion

Reading Example

Based on the article, 1s it a good 1dea to keep white sharks in captivity? Explain your
answer using information from the article.

T4 XS Qb A gund T4~ b€ pese

%"m Therm go Nox €nf \n coftlidy

y il A€ I IV Qs (g3 o
pod e lvc*msf “they Ar€ net
M the” Qi Alay gk past

Scorer Comments:

Both responses support an opinion with information from the article. The first response refers to the overall idea of
sharks being studied as well as to the text detail that sharks "have a terrifying reputation.” The second response
refers to a specific idea from the article about sharks not eating in captivity.



NAEP Online Resources

Sample Questions Booklets
Examine the types of questions students will answer.
http://nces.ed.gov/nationsreportcard/parents/

Content Area Frameworks

Frameworks guide the development of NAEP and
determine the content to be assessed.
http://www.nagb.org/publications/frameworks.htm

Frameworks overviews provide short summaries for
each subject
http://nces.ed.gov/nationsreportcard/frameworks.asp

Information for Parents
Read eight things parents should know about NAEP.
http://nationsreportcard.gov/parents.asp

See more information at
http://nces.ed.gov/nationsreportcard/parents/

Information for Educators

Create your own NAEP test and see what students
know and can do.
http://nationsreportcard.gov/educators.asp

Information for Students
Encourage students to test themselves using NAEP
guestions.

Show students where they can find answers to their
guestions about NAEP.
http://nces.ed.gov/nationsreportcard/students/

Watch the popular video featuring interviews with actual
students.
http://nces.ed.gov/nationsreportcard/videos/naepstuden

t.asp

Data Tools
Explore NAEP results with online data tools.
http://nationsreportcard.gov/data tools.asp

NAEP on the Go!
Download the new NAEP Results mobile app today!

(11 Tube§


http://nces.ed.gov/nationsreportcard/students/
http://nces.ed.gov/nationsreportcard/videos/naepstudent.asp
http://nationsreportcard.gov/data_tools.asp
http://nces.ed.gov/nationsreportcard/parents/
http://www.nagb.org/publications/frameworks.htm
http://nces.ed.gov/nationsreportcard/frameworks.asp
http://nationsreportcard.gov/parents.asp
http://nces.ed.gov/nationsreportcard/parents/
http://nationsreportcard.gov/educators.asp

